Background Smoking cessation medications have been shown to yield higher success rates and sustained abstinence than unassisted quit attempts. In Japan, the treatments available include nicotine replacement therapy (NRT) and varenicline; however, unassisted attempts to quit smoking remain common. Objective The objective of this study was to compare the health and economic consequences in Japan of using pharmacotherapy to support smoking cessation with unassisted attempts and the current mix of strategies used.
Methods A discrete-event simulation that models lifetime quitting behaviour and includes multiple quit attempts (MQAs) and relapses was adapted for these analyses. The risk of developing smoking-related diseases is estimated based on the duration of abstinence. Data collected from a survey conducted in Japan were used to determine the interventions selected by smokers initiating a quit attempt and the time between MQAs. Direct and indirect costs are assessed (expressed in 2014 Japanese Yen). Results Using pharmacotherapy (NRT or varenicline) to support quit attempts proved to be dominant when compared with unassisted attempts or the current mix of strategies (most are unassisted). The results of stratified analyses by age imply that smoking cessation improves health outcomes across all generations. Indirect costs due to premature death leading to lost wages are an important component of the total costs, exceeding the direct medical cost estimates. Conclusions Increased utilisation of smoking cessation pharmacotherapy to support quit attempts is predicted to lead to an increase in the number of smokers achieving abstinence, and provide improvements in health outcomes over a lifetime with no additional costs. 
Introduction
Cigarette smoking is a modifiable risk factor contributing to premature mortality in Japan, accounting for approximately 130,000 deaths annually from smoking-related diseases [1] . The benefits of quitting smoking permanently have been well-studied, and include the reduction of the risk of developing smoking-related chronic diseases, as well as a lower risk of premature mortality [2] . Whilst smoking prevalence has declined in Japan over the past decade, 19.3 % (24 million people) of the population were current smokers in 2013 (32.2 % of men and 8.2 % of women) [3, 4] . Many current smokers are motivated to attempt to quit; for example, 24.6 % expressed the desire to quit smoking in a 2013 National Health and Nutrition Examination Survey [4] . Current practice guidelines recommend providing counselling and pharmacotherapy to support quit attempts, such as high-dose nicotine replacement therapy (NRT) patches and varenicline [5] . Nicotine replacement patches (low dose) and nicotine gum are available without prescription, but bupropion is not licensed for smoking cessation in Japan. Attempting to quit unassisted yields lower overall rates of success and abstinence than when assisted by smoking cessation medications [6] [7] [8] . Whilst the Japanese public health insurance system does cover physicians' counselling and prescription medications to support a quit attempt, the eligibility criteria limit access to these services. Each smoker seeking to quit using the public health insurance system must meet criteria for nicotine dependence (assessed by the Tobacco Dependence Screener [9] ) and nicotine use (assessed by the Brinkman Index [10] ). As a result, overall only about 1 % (240,000 smokers) obtain smoking cessation therapy in Japan each year under the public health insurance system [11] . For the majority of smokers in Japan, unassisted quit attempts remain the most often used smoking cessation strategy [12] .
The aim of this study is to assess the potential health and economic consequences in Japan of utilisation of pharmacotherapy to support smoking cessation with varenicline or NRT. The analyses were conducted from a healthcare payers' perspective, with supplemental analyses in which costs associated with productivity losses due to smokingrelated diseases were estimated. Previous economic models evaluating the impact of smoking cessation interventions in Japan have evaluated the impact of a single quit attempt (SQA) on long-term health and economic outcomes [13] [14] [15] . This study was conducted using a previously published model developed for the USA with appropriate modifications to reflect the smoking-related co-morbidities, interventions used, population characteristics, quit attempt behaviour and mortality for Japan [16, 17] . This is the first model developed for Japan that allows smokers to have multiple quit attempts (MQAs). It makes predictions for treatment success and smoking outcomes based on individual smoker profiles, sequences of smoking cessation strategies, and the time intervals between quit attempts and relapses. Japanese adults (N = 1261), who were current or former smokers at the time of the survey (June 2013), completed a web-based questionnaire. The sequence of smoking cessation strategies used in the model was derived from the data collected from current smokers participating in the online survey. The equations used for predicting the time between quit attempts and choice of next modality were also derived using this very recent Japanese data in order to align the simulated patterns with real-world behaviour in Japan.
The model framework and the derivation of the risk functions to estimate the treatment efficacy and to predict relapse have been previously published [16] . This discrete-event simulation (DES) was programmed in ARENA Ò version 12 (Rockwell Software, Inc., Warrendale, PA, USA). Details of all of the other parameters that have been replaced with functions developed specifically for Japanese smokers are provided in the Electronic Supplementary Material (ESM). These changes include developing functions to predict the interventions selected by smokers initiating a quit attempt and the time intervals between MQAs using the data collected from a web-based survey of smokers in Japan [12] . Furthermore, two additional diseases associated with smoking (stomach cancer and hepatic cancer) are now considered in the model. Published sources were used to derive mortality estimates for smokers and former smokers in Japan.
In this model, a cohort of individual smokers is created by sampling from a file of smoker profiles. Each simulated individual carries a risk profile that includes age, sex, race, medical history (history of chronic obstructive pulmonary disease [COPD] or cardiovascular disease), smoking history (years smoked, age started, reported average number of cigarettes per day in the past month, reported average number of cigarettes per day since start of smoking), quit attempt history (longest period of abstinence in past year, prior unassisted/medical/non-medical assisted quit attempt, number of prior quit attempts), Fagerström Test for Nicotine Dependence (FTND) score and whether there is frequent contact with a smoker.
The simulation starts with each smoker initiating an attempt to quit smoking. If the attempt is successful (i.e. abstinence is achieved), a time to relapse is assigned. When the attempt is a failure (i.e. fails to achieve abstinence), a time interval until the next attempt to quit and the next cessation strategy are assigned.
An individual's smoking status (i.e. current vs. former smoker) impacts the risk of developing smoking-related diseases. Relative to a current smoker, the risk is lower for a former smoker, and the level of risk reduction is also dependent on the duration of abstinence. Six smoking-related diseases are considered in this simulation: myocardial infarction (MI), stroke, COPD, lung cancer, stomach cancer and hepatic cancer.
When one of these six smoking-related diseases occurs, utilities and life expectancy are updated, and the associated management costs are accrued. Life-years (LYs), qualityadjusted life-years (QALYs), incidence of smoking-related diseases, abstinence time and costs were estimated. Lost wages due to premature mortality caused by smoking-related diseases were also determined.
Data Sources
The simulated cohort key baseline characteristics, cost inputs and utilities are provided in Table 1 . For one scenario, referred to as ''market mix'', each smoker initiates a quit attempt with one of four cessation strategies used by current smokers: varenicline (4.6 %), BMT (1.5 %), NRT (21.4 %) or unassisted (72.5 %). This distribution was based on the web-based survey results for current smokers conducted in Japan [12] . Unassisted quit attempts were the most common cessation strategy.
For the other scenarios, all smokers in the cohort initiate the first quit attempt with the same smoking cessation strategy. The cessation strategy for subsequent quit attempts is estimated, conditional on each individual's quit attempt history profile (number of prior attempts and previous cessation strategies), by applying a function derived from the same web-based survey of current and former Lung cancer 3,381,000 0.87 [38] Stomach cancer 1,610,000 0.87 [38] Hepatic cancer 2,499,000 0.87 [38] ¥ Japanese yen, BMT behavioural modification therapy, COPD chronic obstructive pulmonary disease, CVD cardiovascular disease, FTND Fagerström test for nicotine dependence, MI myocardial infarction, NRT nicotine replacement therapy, SD standard deviation smokers (parameter estimates are provided in ESM Table S1 ). The time intervals between quit attempts are estimated based on this survey, and are conditional on sex and the number of attempts (parameter estimates are provided in ESM Table S2 ).
The functions developed to estimate the outcome of a quit attempt with varenicline or NRT and also a relapse in the first year are based on five 52-week varenicline clinical trials and have been previously published [16] (details of the logistic regression to estimate quit attempt outcome are in ESM Table S3 ). Each of these clinical trials included a 12-week treatment period and a 40-week follow-up period. A quit attempt was considered to be successful if the subject was abstinent during weeks 9-12 of these studies [18] [19] [20] [21] [22] . This criteria was commonly used for the primary endpoint of varenicline in clinical studies. As in the previous model, BMT and unassisted quit attempt probabilities have an additional odds ratio term (0.552 [23] and 0.171 [24] vs. varenicline, respectively); however, these values were obtained from Japanese studies to better reflect their outcomes and applied to modify the prediction of the quit attempt outcome from the logistic regression.
Each of the varenicline clinical trials included a 40-week follow-up period to check whether the patients who successfully quit had a relapse. The relapse risk in the first year following a successful quit attempt was derived from these follow-up periods (ESM Table S4 ). The predictors of relapse in the first year include age, measures of smoking history (e.g. number of years smoked), frequent contact with smokers and a history of COPD [16] . Older former smokers are at lower risk of relapse, but starting smoking at an older age increases the risk to relapse, as do smoking for a longer time and at a higher frequency or COPD. After the first year, annual probabilities of experiencing a relapse were applied: 14.5 % in year 1; 2.8 % in years 2-5; 2.1 % in years [5 [25] .
The impact of smoking cessation on the incidence of each smoking-related disease is estimated taking into consideration the individual's age and duration of abstinence. The relative risk of each disease for a former and current smoker is derived using a published model [26] . The risk of developing each smoking-related disease is lower for former smokers than for current smokers, and continues to decrease the longer abstinence is sustained. The hazards for developing the smoking-related diseases for current and former smokers (k current and k former , respectively) are determined as follows (Eqs. 1 and 2):
where k never is the hazard among never smokers, RR current is the relative risk among current smokers and RR former is the relative risk among former smokers.
RR former during the simulation is determined for each of the smoking-related diseases as a function of the individual's age and duration of abstinence using the model published by Hoogenveen et al. [26] (disease-specific coefficient estimates were provided in the publication and are reproduced in ESM Table S5 ). The coefficient published by Hoogenveen et al. [26] for stomach cancer was assumed to also apply to hepatic cancer, as there are no Japanese studies on how this risk ratio will change over the years of abstinence. In order to implement these functions, the relative risks for current versus non-smokers for each of the smoking-related diseases and also the hazards for Japanese non-smokers (never smokers) were derived from published sources (MI [27] , stroke [27] , COPD [29] , lung cancer [30] [31] [32] , stomach cancer [30, 32] and hepatic cancer [30] ). Details are provided in ESM Tables S6 and S7 .
Estimates for survival following smoking-related diseases were derived from published sources of data collected in Japan (MI [33, 34] , stroke [33] , COPD [35] , and lung, stomach and hepatic cancer [36] ). (Parameter estimates are provided in ESM Table S8 .) Parameters used to assign a time of death to individuals in the absence of developing smoking-related diseases (ESM Table S9 ) are based on the life tables developed by the Ministry of Health, Labour and Welfare for Japan [37] .
The utility values assigned take into consideration age and any smoking-related diseases the individual develops ( Table 1 ). The utility assigned is the minimum of the individual's age-dependent utility [16] (see ESM for more details) and the utility associated with any of the smokingrelated diseases that the individual has experienced up to that point in time. The values for stroke and COPD were obtained from studies conducted in Japan, but other values were from a survey in Korea (2005 Korea National Health and Nutrition Examination Survey [38] ) and the age-dependent decline was from a study in the USA (2000) (2001) (2002) Medical Expenditure Panel Survey [39] ) as there were no data identified from studies conducted in Japan.
The analyses also considered lost wages due to premature mortality caused by smoking: these were estimated up to 75 years of age. Data on labour force participation in Japan and wages by age 18-75 years were used to estimate these costs [40] [41] [42] .
Analyses
Costs and QALYs are discounted at 3 % per annum. For each analysis, 500,000 smokers were run through the lifetime simulation. Several scenario analysis and probabilistic sensitivity analyses were also conducted. Direct medical costs were assessed from the health care payer's perspective in Japan (expressed in 2014 Japanese Yen [¥]).
Supplemental analyses were conducted from a restricted societal perspective, in which lost wages were included.
Two scenarios compared the outcomes when each smoker initiates a quit attempt with one of the cessation strategies (varenicline or NRT) versus an unassisted attempt. The outcomes are reported for both when smokers are limited to an SQA versus being allowed to initiate MQAs over a lifetime time horizon.
The third scenario compared a ''market mix'', where the smokers use one of four cessation methods for the first quit attempt based on the survey results (varenicline 4.6 %, BMT 1.5 %, NRT 21.4 %, unassisted 72.5 %) versus 100 % using varenicline. Subgroup analyses were conducted to evaluate the change in results by baseline age categories in order to provide insight into the policy implications of promoting smoking cessation in particular age groups. Net monetary benefit is estimated assuming a willingness-to-pay threshold of ¥5,000,000 per QALY gained [43] .
To account for multivariate and stochastic uncertainty in the model, a probabilistic sensitivity analysis (PSA) was performed. The PSA was run for 5000 replications. In each replication, 1000 patients were simulated for each intervention arm. A summary of the parameters and their distributions included in the PSA is provided in ESM Table S10 . Only those parameters around which there is analytical or quantifiable uncertainty were included in the PSA, and only direct medical costs were considered. Distributions were selected and fitted according to the statistical properties of those parameters included.
Results

Pharmacotherapy (Nicotine Replacement
Therapy or Varenicline) Versus Unassisted
Over a lifetime, both pharmacotherapy scenarios are projected to lead to a net increase in abstinence time, with 3.8 years per patient using NRT, and 5.8 years per patient using varenicline for the MQA scenario ( Table 2 ). The increase in abstinence time translates into improved health outcomes (i.e. lower incidence of smoking-related diseases and longer life expectancy) and is associated with additional QALYs (discounted QALY gain of 0.07 per patient with NRT, 0.10 per patient with varenicline). Medication and monitoring costs are higher, but this is offset by the lower management costs associated with smoking-related diseases, leading to savings in direct medical costs. The incremental cost per QALY gained and the direct medical cost savings estimated with both NRT and varenicline versus unassisted quit attempts leads to pharmacotherapy being dominant (i.e. more effective and with lower costs) over a lifetime.
The analyses also allow comparison of the predicted outcomes when single attempts are allowed versus MQAs, and this illustrated a marked difference in the mean cumulative abstinence time (Table 2) . When the first quit attempt is unassisted, on average, a smoker accrued fewer years of abstinence time over their lifetime (mean of 1.5 years) when compared with MQAs (mean of 9.9 years). The impact of SQAs versus MQAs on other outcomes is smaller-there is a difference in mean total discounted QALYs of 0.09 over the course of the simulation with MQAs, and the costs associated with smoking-related diseases are approximately 5 % higher in the SQA scenario.
Varenicline Versus Market Mix (Multiple Quit Attempts [MQAs])
Increased use of varenicline to support quit attempts is projected to lead to a net increase in abstinence and life Results for unassisted at first attempt are presented in absolute terms, while results for NRT and varenicline are presented as the difference from the unassisted SQA or MQA, respectively ¥ Japanese yen, MQA multiple quit attempts, NRT nicotine replacement therapy, QALYs quality-adjusted life-years, SQA single quit attempt expectancy (mean of 4.6 years abstinence gained per patient, and 0.25 LYs gained) when compared with the current mix of strategies being used (Table 3) . This is associated with additional QALYs (discounted QALY gained 0.08 per patient). Direct medical costs are 6 % lower due to the lower costs estimated for managing smoking-related diseases. The incremental cost per QALY gain and direct medical cost savings estimates leads to varenicline being dominant over a lifetime. Indirect costs due to lost wages are an important component of the total costs, and exceeded the direct medical cost estimates.
Results from the subgroup analyses by age at baseline are presented in Table 4 . Whilst the additional discounted QALY gains show some small differences by age (ranging from 0.06 to 0.10 per patient), much more substantial differences are observed for direct medical and indirect costs. The direct medical cost savings increase with the age at which smokers are making an attempt to quit, whereas, as expected, the indirect cost savings decrease. Net discounted lifetime direct medical costs per patient differ, with net costs for the youngest subgroup (¥43,409 per patient, age 20-30 years at baseline) and net savings that increase with age (up to ¥319,186 per patient, age C60 years). The abstinence time over a lifetime is higher for the smokers who were younger when making the first quit attempt, leading to a lower frequency of smokingrelated diseases, and the associated costs do not offset the smoking cessation medication-related costs.
Overall, the greater net monetary benefit observed for the 50-to \60-year age category means this ranks as the most cost-effective scenario, followed by 40 to \50 years, C60 years, 30 to \40 years, and 20 to \30 years ( Fig. 1 ).
Sensitivity Analyses (MQAs)
Sensitivity analyses conducted around the base-case scenario (market mix vs. varenicline) did not have a major impact on model outcomes. Modifying rates of long-term relapse (±50 %) had a modest impact, with mean LYs gained per patient ranging from 0.21 to 0.31, and discounted QALYs gained from 0.06 to 0.10. Varenicline remained dominant over a lifetime, and was associated with total direct medical savings of ¥159,494 per smoker with these higher relapse rates. Variation in the probability of a successful attempt (±25 %) with varenicline had a larger impact on the health outcomes predicted, with mean LYs gained per patient ranging from 0.11 to 0.37, and Results for the market mix scenario are presented in absolute terms, while results for varenicline are presented as the difference from the market mix strategy ¥ Japanese yen, COPD chronic obstructive pulmonary disease, MI myocardial infarction, QALYs quality-adjusted life-years Results for the market mix scenario are presented in absolute terms, while results for varenicline are presented as the difference from the market mix strategy ¥ Japanese yen, MQA multiple quit attempts, QALYs quality-adjusted life-years, VAR varenicline a Net monetary benefit = (net QALYs) 9 ¥5,000,000 2 (net direct cost) discounted QALYs gained from 0.04 to 0.12. However, even with a 25 % reduction in effectiveness, varenicline remained dominant over a lifetime and was associated with total direct medical savings of ¥115,804 per smoker. The cost-effectiveness plane for market mix (MQA) versus varenicline provided in Fig. 2 with benefits expressed in QALYs shows a clustering in the lower right quadrant, meaning that varenicline is less costly but also more effective than market mix (MQA) in terms of QALYs gained. Both direct medical costs and benefits are discounted in this graph. As can be seen, this uncertainty results in a split clustering mainly between varenicline being cost effective and dominant. On average, the probabilistic analysis shows dominance for varenicline. The probability of varenicline providing a cost-effective alternative to market mix (MQA) is 38 % at a threshold of ¥0 per QALY gained (due to dominating in 38 % of the replications), 66 % at a threshold of ¥2,500,000 or 71 % at a threshold of ¥5,000,000 (Fig. 3) . Comparable PSA results were obtained for varenicline versus unassisted (MQA) and are provided in ESM Figs. S1 and S2.
Discussion
Increased utilization of smoking cessation pharmacotherapy to support quit attempts is predicted to lead to an increase in the number of smokers achieving abstinence and to improvements in health outcomes over a lifetime with no additional costs. The results from this simulation indicate that if more quit attempts were supported with varenicline, there could be an increase in abstinence and life expectancy when compared with the current mixture of strategies being used in Japan, where most are unassisted attempts. The age-stratified analyses implied smoking cessation improved health outcomes across all ages, and these benefits are achieved with cost savings from managing tobacco-related diseases. Indirect costs due to Fig. 1 Varenicline versus market mix for the first quit attempt: net monetary benefit (discounted) by age category. Net monetary benefit = (net QALYs) 9 ¥5,000,000 -(net direct cost). ¥ Japanese yen, QALYs quality-adjusted lifeyears Fig. 2 Cost-effectiveness plane for varenicline (multiple quit attempts) versus market mix. QALYs quality-adjusted lifeyears premature death leading to lost wages are an important component of the total costs, as these estimates exceeded the direct medical cost estimates. These results were consistent with a previous study conducted by Igarashi et al. [14] , in which adding varenicline to smoking cessation consultation was found to be dominant, and also the study by Fukuda [44] , which proved that smoking cessation consultation itself would be dominant to an unassisted quit attempt. In our model, the increase in healthcare costs other than for tobacco-related diseases, due to prolongation of the life expectancy of quitters, were not included. Such types of ''unrelated medical costs'' would be important, especially for smoking cessation treatment, since there are so many tobacco-related diseases, which implies that the life-expanding effects due to smoking cessation would be large. However, according to the Japanese guideline for health economic analysis (Fukuda [45] ), medical costs should be limited to costs of related diseases. As was noted in the guideline, small variations of unrelated costs would mask the difference in related costs, since the number of unrelated costs may be much bigger than that of related costs (Igarashi et al. [46] ). Therefore, unrelated costs were excluded from the analyses.
This model reflects smokers' behaviour while they attempt to stop smoking entirely, as it allows them to make MQAs and also allows them, even when successful, to relapse. The predictions for treatment success and smoking outcomes consider individual smoker profiles and smoking cessation strategies, and the time intervals between quit attempts. Whilst the framework for this simulation has been previously published [16] , two additional diseases associated with smoking (stomach cancer and hepatic cancer) have been added to this model. In this simulation, an individual's age and duration of abstinence directly impact the risk of developing the six smoking-related diseases; however, the potential impact of abstinence on the progression of a complication (e.g. the effect of abstinence on the progression of COPD) is not captured. Japanese studies were identified to estimate the prevalence of these diseases among non-smokers and the relative risk for smokers. However, the reduction in the risk ratio applied for each disease over the years following stopping smoking was estimated from a study conducted in The Netherlands by Hoogenveen et al. [26] as no comparable study conducted in Japan has been identified. The model has also been modified to estimate the lost wages due to premature mortality caused by smoking, which was not previously considered.
A key strength of this specific study is how the original model framework was adapted to allow smokers to have MQAs using the new prediction equations for sequences of smoking cessation strategies, and the time intervals between quit attempts based on the patterns observed in a recent survey conducted in Japan [12] . The analyses presented are therefore based on inputs specifically derived for Japan, and ensure these analyses can be used to inform decision making related to public funding of smoking cessation therapies. The important exceptions to note are that the equations used to estimate success and relapse rates in the year following initiation of a quit attempt with varenicline or NRT were unchanged from the earlier publication (these were derived from an analysis of five clinical trials [16] ) and were assumed to apply in Japan. In addition, utility estimates for some smoking-related diseases were not available from studies in Japan. Sensitivity analyses are presented, therefore, that explored the impact of varying the efficacy and relapse assumptions, as well as utilities.
The Japanese public health insurance system covers counselling and prescription medications to support a quit attempt, but the current eligibility criteria for these services limit access to these services. According to current insurance coverage criteria, the Brinkman Index is calculated by multiplying smoking years by the number of cigarettes Fig. 3 Cost-effectiveness acceptability curve for varenicline (multiple quit attempts) versus market mix. ¥ Japanese yen, QALY qualityadjusted life-year smoked per day, and must be over 200. This criterion can be easily met by older smokers, since they started smoking many years before; however, it can be a hurdle for younger people to obtain coverage. In particular, this index makes it much more difficult for people in their early 20s to be covered by public health insurance for smoking cessation treatment. In this study, monetary benefit was positive for all ages, which implied that smoking cessation treatment would be cost effective for younger smokers who were not eligible for insurance coverage with current criteria. The Brinkman Index could be re-considered in order to enhance smoking cessation at a younger age.
Conclusions
Unassisted quit attempts remain the most common cessation strategy; however, an increased use of smoking cessation pharmacotherapy to support quit attempts is predicted to lead to an increase in the number of smokers achieving abstinence and also to be socially beneficial in terms of both a reduction in healthcare costs associated with smoking-related diseases and increased productivity. Considering an expansion of public funding to allow greater access to smoking cessation pharmacotherapy may be worthwhile.
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